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(54) Amorphous silica-based cata- 
lyst and process for its production 

(57) The catalyst comprises a highly 
porous amorphous silica having a 
monolayer of an amphoteric metal 
(e.g. AL Zn, Mg, Zr, Ti) chemically 
bonded onto up to 90% of the 
surface area of the silica matrix. 
The catalyst has a maximum pore 
diameter of 1 .5nm and the metal is 
preferably aluminium. The catalyst 
is produced by treating the silica 
with a solution of a hydrolysable 
aluminium compound, removing 
the solvent and causing the silica 
surface to hydrolyse the compound, 
thus chemically bonding the alumi- 
nium onto the surface of the silica 
matrix. Optionally, the catalyst is 
mixed intimately with a Fischer- 
Tropsch catalyst to enable the direct 
conversion of synthesis gas to hy- 
drocarbons. 



The catalyst will be of use in the 
conversion of synthesis gas or 
methanol to higher hydrocarbons. 
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SPECIFICATION 

Amorphous silica-bas d atalyst and pro- 
ess for its production 

5 

This invention relates to an amorphous silica 
based catalyst and to a process for its pro- 
duction. The catalyst will find particular but 
not exclusive use in the conversion of synthe- 

10 sis gas, methanol or ethanol to hydrocarbons. 
As the world's reserves of oil are being 
exhausted, much attention is being focussed 
on the use of coal as a feedstock for the 
preparation of substitutes for oil-based pro- 

1 5 ducts. Processes are known whereby coal can 
be treated with steam and oxygen at elevated 
temperatures to produce synthesis gas, com- 
prising predominantly hydrogen and carbon 
. monoxide. Synthesis gas may be converted by 

20 known reactions into methanol. It is desirable 
to be able to convert synthesis gas or metha- 
nol into higher hydrocarbons which can be 
used as starting materials in the preparation of 
substitutes for oil-based products. 

25 It is an object of the present invention to 
provide a catalyst which can at least in part 
convert synthesis gas or methanol into a mix- 
ture of hydrocarbons. 
According to the present invention a cata- 

30 lyst for synthesis gas or methanol conversion 
comprises a highly porous amorphous silica 
having a monolayer of an amphoteric metal 
chemically bonded onto up to 90% of the 
surface of the silica matrix, the catalyst having 

35 a maximum pore diameter of about 1 .5 nm. 
Since the amphoteric metal will have a 
valance of 2 or 3, the surface of the silica will 
not be electrically neutral unless balancing 
ionic species are present. Preferably, the ba- 

40 lancing ionic species are protons, although 
other cations may, be used, either alone or in 
any combination with without protons. Suit- 
able other cations include transition metal 
cations, lanthanide cations and ammonium 

45 ions. 

Preferably, the amphoteric metal is alumi- 
nium, although metals such as zinc, magne- 
sium, zirconium or titanium may also be used. 
Conveniently, only about 50% of the sur- 

50 face of the matrix has the monolayer bonded 
onto it and preferably the maximum pore 
diameter is about 0.5 nm. The catalyst may 
further include a monolayer of silica deposited 
on the highly porous amorphous silica. The 

55 monolayer of amphoteric metal is then 

bonded onto the silica monolayer. In this way 
it is possible to alter th maximum pore 
diameter of the catalyst whil r taining th 
monolayer of amphoteric m tal chemically 

60 bonded onto th silica matrix. 

Amorphous silicas are known and are usu- 
ally available in hydroxylated form as silica 
gels (often known as xerogels). In amorphous 
silicas the silicon atoms are tetrahedrally co- 

65 ordinated In a matrix of oxygen atoms. In 
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xerogel form the surface of the silica is pro- 
vided predominantly with hydroxy! groups. 
Amorphous silicas are easily prepared and 
available in a wide variety of particle sizesand 
70 pore diameters. Usually most of the surface 
area of the gel is constituted by the pore 
walls. They are generally used as chromato- 
graphy media and do not exhibit any signifi- 
cant catalytic activity in the conversation of 
75 synthesis gas or methanol to hydrocarbons. 
It is thought that in the catalyst of the 
present Invention the amphoteric metal atom 
bonded as a monolayer onto the silica matrix 
is constrained to adopt tetrahedral co-ordina- 
80 tion. Since the metal will be di-or tri-valent, 
the surface will need to have two or one 
monovalent cations respectively associated 
with it in order to balance the electrical 
charges on the surface. When the cation is a 
85 proton, this will give rise to strongly acid sites 
on the catalyst surface. These are thought to 
be responsible for the catalytic activity. Since 
the catalytic activity is thought to be centred 
on a proton it is likely that the products will 
90 include aromatic rings and branched chain 
alkanes formed via carbonium ion intermedi- 
ates. Although the applicants believe that this 
is the rationale behind the action of the cata- 
lyst, they do not wish to be limited by such 
95 explanation. 

The pore diameter of the catalyst deter- 
mines to a certain extent the product type and 
distribution. At a maximum pore diameter of 
about 1.5nm. the pores can accomodate mo- 
1 00 nonuclear polysubstituted aromatics up to 
about (C14). However, with maximum pore 
diameter of 0.5 nm the largest molecules 
which can be accommodated are approxi- 
mately the size of durene (C,o)* 
1 05 If it is desired to convert synthesis gas 
directly to hydrocarbons, the catalyst of the 
present invention should be mixed with a 
catalyst impregnated with a transition metal, 
such as iron, to convert the synthesis gas in 
1 1 0 situ to Fischer-Tropsch type products by re- 
duction of the carbon monoxide. 

Alternatively, the second catalyst may be 
impregnated with zinc and chromium or zinc 
and copper compounds to convert the synthe- 
1 1 5 sis gas to methanol. Other second catalysts 
which may be used to produce suitable inter- 
mediates for conversation to hydrocarbons by 
the catalyst according to the invention include 
an alumina or silica support impregnated with 
120 lanthanide metals such as ruthenium. 

The pr sent invention also includes a 
method of pr paring the catalyst described 
abov . Th refer according to a sec nd aspect 
of the invention, a process for the production 
1 25 of a catalyst for synthesis gas or m thanol 
conversion comprises treating a highly porous 
amorphous silica with a solution of a hydrolys- 
able compound of an amphoteric metal, re- 
moving the solvent to leave a monolayer of 
1 30 the compound on up to 90% of the surface 



area of the silica matrix, and causing the 
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surface of the silica to react with the com- 
pound to produce a catalyst having a monola- 
yer of the amphoteric metal chennically 
bonded onto up to 90% of the surface of the 
silica matrix and a maximum pore diameter of 
about 1 .5nm. 

Any parts of the hydrolysable compound 
which have not reacted with the silica matrix 
should subsequently be hydrolyscd by reac- 
tion with water. 

The catalyst may subsequently be heated to 
dehydrate the surface layer to produce com- 
plete reaction of the amphoteric metal with 
the silica matrix so that anionic sites are 
created on the surface of the catalyst. 

The compound may be an alkoxide or hai- 
Ide of any one of the metals mentioned 
above. Preferably the compound is a chloride 
or secondary butoxide. The solvent may be 
any relatively low boiling liquid in which the 
compound may be dissolved without hydro- 
lysis occuring. Suitable liquids include the 
lower alkanes, and in particular hexane. 

Preferably, the silica is dried before it is 
treated with the solution of the hydrolysable 
compound so that any physically adsorbed 
water thereon is removed before it can react 
with the compound. 

Conveniently, the highly porous silica has a 
mean pore diameter of about 2nm, in which 
case the presence of the monolayer of chemi- 
cally bonded amphoteric metal will reduce the 
pore diameter by the necessary amount, if the 
silica has a larger pore diameter, or if a 
smaller pore diameter is required, the process 
should include the step of depositing one or 
more layers of silica on the pore surface area. 
This may be done depositing a hydrolysable 
silicon compound such as silicon tetrachloride 
on the highly porous silica and hydrolysing it 
to produce the required pore diameter. 

A mixed catalyst for the conversation of 
synthesis gas to methanol may be prepared 
by mixing the catalyst prepared as described 
above with a suitable second catalyst, for 
instance, any one of the types of catalyst 
described above. 

It is envisaged that the catalyst according to 
the invention will be of particular but not 
exclusive use in the conversation of synthesis 
gas or methanol into mixtures of branched 
and aromatic hydrocarbons, although it will 
also be of use in the conversion of higher 
alcohols such as ethanol or mixtures thereof 
into hydrocarbons. The catalyst may be used 
in any of the known catalytic reactors for the 
conversion of gases or liquids. The catalyst 
may be present as a fixed, moving or fluidised 
bed. 

The invention will now be described by way 
of example only with reference to the accom- 
panying figure which shows diagrammatically 
a part of a synthesis gas conversion plant. 



Catalyst Preparation 

Beads (lOOg) of a highly porous amorphous 
silica gel having a mean pore diameter of 
2nm, a pore surface area of 800 m^/g, a 
70 pore volume of 0.4cm^/g and a particle size 
of 125 microns were heated at ISO'C for two 
hours in a dry atmosphere to remove any 
moisture physically adsorbed onto the beads. 
The dried beads were placed under a slight 
75 vacuum. 

A solution of aluminium butoxide in dry 
hexane (40ml, 1 .4M) was cooled and added 
to the beads. The mixture was gently shaken. 
The shaking and vacuum were applied in 
80 order to ensure that ait air in the pores was 
removed and that the solution was able to 
penetrate completely into the pores. After the 
vacuum was released, the solvent was re- 
moved from the beads over a period of about 
85 2 hours by evaporation. The desolvated beads 
were allowed to stand at room temperature for 
abourt 16 hours. During this time it was 
assumed that the hydroxyl groups on the 
silica surface reacted with the aluminium com- 
90 pound, hydrolysing some of the aluminium- 
butoxide groups to form a monolayer of al- 
koxylated aluminium on the silica surface. 
Secondary butanol was evolved during the 
reaction. The amount of aluminium secondary 
95 butoxide in the solution was selected so that 
only 50% of the surface area of fhe silica was 
covered by atkoxylated aluminium. The beads 
were then added to an excess of water under 
slight vacuum so that the water penetrated 

1 00 the pores completely. The mixture was left to 
stand at room temperature so that the remain- 
ing butoxide groups were hydrolysed to hy- 
droxyl groups. The beads were washed free of 
the secondary butanol formed during the hy- 

1 05 drolysis and were dried by heating at 1 SOX. 
The catalyst thus formed had a maximum 
pore diameter of 1 -5nm. 

The catalyst was divided into three portions. 
One portion was not further treated, and the 

1 10 other two portions were heated to 400*C and 
500 *C respectively. 

A second type of catalyst was prepared 
from a similar silica gel. However, as a preli- 
minary step beads (lOOg) of the xerogel were 

1 15 dried at 120*C at a pressure of 10mm Hg for 
4 hours to remove any adsorbed surface mois- 
ture. The beads were alliowed to cool under 
an atmosphere of dry nitrogen. When the 
beads had cooled to room temperature an 

1 20 excess of silicon tetrachloride was added to 
them and the pressure reduced to ensur that 
the silicon tetrachloride completely filled the 
pores of the beads. The beads saturated with 
silicon tetrachloride were allowed to stand at 

125 room temperature for24 hours. During this 
time surface hydroxyl groups on the xerogel 
reacted to hydrolyse at lease some of the 
silicon-chlorine bonds, thereby bonding a mo- 
nolayer of silicon atoms onto the xerogel sur- 

1 30 face. 
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Excess silicon tetrachloride was evaporated 
off by heating the beads to BOX and apply- 
ing vacuum. Distilled water was then added to 
th flask and vacuum applied to ensure that 
5 completely penetrated the pores of the xero- 
gei. The water hydrolysed the remaining sili- 
con-chlorine bonds to produce a monolayer of 
hydrated silicon bond onto the surface of the 
xerogel. 

1 0 The hydrated xerogel thus produced was 
heated at 120* under reduced pressure for 4 
hours and at 250*C for a further 4 hours. 
This produced a treated xerogel having a 
smaller pore diameter than the orignaL 

1 5 The treated silica gel was then reacted with 
a solution of aluminium butoxide exactly as 
described above, and only differed from it in 
that it produced a catalyst having a maximum 
pore diameter of O.Snm. The catalyst was also 

20 divided into three portions and was heat 
treated as described above. 

Each sample of catalyst was then used to 
convert methanol to hydrocarbons in the 
apparatus shown in the Figure, to which refer- 

25 ence is now made. 

Methanol was produced from synthesis gas 
in a reactor 1 and supplied to a heating 
chamber 2 comprising a bed of non-porous 
glass beads 3 in an electrically heated con- 

30 tainer 4, The glass beads 3 were maintained 
at 370''C. The heated vapour was passed 
from the chamber 2 to reaction vessel 5 
which contained the catalyst 6. The catalyst 6 
was maintained at a temperature of 375 'C 

35 and the vapour was passed through the vessel 
5 at a LHSV of 1 . The products of the 
reaction were collected in traps 7 and 8 and 
analysed. Trap 8 was cooled in liquid nitrogen 
to enable gaseous products to be collected. 

40 The results of the analysis showed that in 
all cases about 50% of the methanol was 
converted into hydrocarbons. These were 
mainly branched chain alkanes and substi- 
tuted benzenes, 

45 The same procedure was followed, except 
that the LHSV was 0.3 and the temperature 
of the catalyst was 450X. In this case con- 
version of up to 95% of the methanol was 
achieved. About 30% of the products were 

50 aromatics. 

The product distributions for the catalysts of 
maximum pore diameter 1.5nm were very 
similar and did not appear to depend to any 
great extent on the heat treatment. However 

55 there was a sharp cut at molecules. 
Similarly the O.Snm catalysts gave similar 
product ranges in all thr e cases, but the cut 
off point was at C,o molecules. 

In preliminary experiments, the catalysts 

60 pr pared above wer mixed Intimately with a 
commercially available conventional Fischer- 
Tropsch catalyst. Each mixture of catalysts 
was heated to 450'C and synthesis gas was 
passed through at a LHSV of about 0.3 Signi- 

65 ficant amounts of hydrocarbons, including 



aromatics were collected, it was assumed that 
some paraffinic hydrocarbons wer produced 
from the synthesis gas by the Fisher-Tropsch 
reaction. However, it was apparent that oxy- 

70 carbon compounds produced by the Fischer- 
Tropsch reaction were converted to hydrocar- 
bons by the catalyst according to the inven- 
tion. Moveover, it appeared that some of the 
paraffinic hydrocarbons were cyclised by the 

75 catalyst according to the invention. 

Thus the present invention provides a novel 
catalyst which can be used alone to convert 
methanol and other lower alkanols to hydro- 
carbons. Moreover, it can be used in combi- 

80 nation with other catalysts to convert synthe- 
sis gas to hydrocarbons 

CLAIMS 

1 . A catalyst for synthesis gas or methanol 
85 conversion, comprising a highly porous amor- 
phous silica having a monolayer of an am- 
photeric metal chemically bonded onto up to 
90% of the surface area of the silica matrix, 
the catalyst having a maximum pore diameter 

90 of about 1 .5nm. 

2, A catalyst according to claim 1, 
wherein the metal is selected from the group 
consisting of zinc, magnesium, zirconium and 
titanium. 

95 3. A catalyst according to claim 1, 
wherein the metal is aluminium. 

4. A catalyst according to any one of the 
preceding claims, wherein the monolayer 
covers up to 50% of the surface of the silica 

100 matrix. 

5. A catalyst according to any one of the 
preceding claims, wherein electrical neutrality 
of the catalyst is maintained by the presence 
of protons on the surface of the matrix. 

105 6. A catalyst according to any one of the 
preceding claims, and including a monolayer 
of hydroxylated silicon atoms bonded onto the 
silica matrix, the amphoteric metal being 
bonded onto the monolayer of silicon atoms. 

110 7. A catalyst according to claim 6, 
wherein the maximum pore diameter is 
0.5nm. 

8. A catalyst according to any one of the 
preceding claims, and including a second 

115 catalyst for synthesis gas conversion inti- 
mately mixed therewith. 

9. A catalyst for synthesis gas or methanol 
conversion, substantially as hereinbefore de- 
scribed with reference to the Examples. 

120 10. A process for the production of a 

catalyst for synthesis gas or methanol conver- 
sion, comprising treating a highly porous 
amorphous silica with a solution of a hydrolys- 
able compound of an amphoteric metal, re- 

125 moving the solvent to leave a monolayer of 
the compound on up to 90% f the surface 
area of the silica matrix, and causing the 
surface of the silica to react with the com- 
pound to produce a catalyst having a monola- 

130 yer of the amphoteric metal chemically 
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bonded onto up to 90% of the surface of the 
silica matrix and a nnaximum pore diameter of 
about 1 .5nm. 

11. A process according to claim 10, and 
5 including the step of heating the catalyst to 

dehydrate the surface layer. 

12. A process according to either one of 
claims 10 11. wherein the compound is an 
alkoxide or halide of the amphoteric metal. 

10 13. A process according to any one of 
claims 10 to 12, and including the step of 
chemically bonding onto the surface of the 
silica matrix a monolayer of hydroxylated sili- 
con atoms prior to treating the silica with the 

15 hydrolysable compound. 

14. A process according to any one of 
claims 10 to 13. and including the step of 
mixing intimately the catalyst and a second 
catalyst capable of converting synthesis gas to 

20 oxycarbon products. 

15. A process for the production of a 
catalyst for synthesis gas or methanol conver- 
sion, substantially as hereinbefore described 
with reference to the Examples. 

25 16. A catalyst when made by a process 
according to any one of claims 10 to 15. 

1 7. A process of converting a lower alka- 
nol to hydrocarbons comprising passing the 
lower alkanol as a vapour over a catalyst 

30 according to any one of claims 1 to 9 and 16 
at between 375 and 450*C and a LHSV of up 
to about 1 . 

18. A process of converting synthesis gas 
to hydrocarbons comprising passing it over a 

35 catalyst according to claim 8 or claim 16 

when dependent on claim 14 at between 375 
and 450T and a LHSV of up to about 1 , 

1 9. A process of converting synthesis gas 
or methanol to hyrocarbons substantially as 

40 hereinbefore described with reference to the 
Examples. 
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